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Background: One out of ten newly diagnosed patients in Europe was infected with a virus carrying a drug
resistant mutation. We analysed the patterns over time for transmitted drug resistance mutations (TDRM) using data
from the European Spread program.
Methods: Clinical, epidemiological and virological data from 4317 patients newly diagnosed with HIV-1 infection
between 2002 and 2007 were analysed. Patients were enrolled using a pre-defined sampling strategy.
Results: The overall prevalence of TDRM in this period was 8.9% (95% CI: 8.1-9.8). Interestingly, significant changes
over time in TDRM caused by the different drug classes were found. Whereas nucleoside resistance mutations
remained constant at 5%, a significant decline in protease inhibitors resistance mutations was observed, from 3.9%
in 2002 to 1.6% in 2007 (p = 0.001). In contrast, resistance to non-nucleoside reverse transcriptase inhibitors (NNRTIs)
doubled from 2.0% in 2002 to 4.1% in 2007 (p = 0.004) with 58% of viral strains carrying a K103N mutation.
Phylogenetic analysis showed that these temporal changes could not be explained by large clusters of TDRM.
Conclusion: During the years 2002 to 2007 transmitted resistance to NNRTI has doubled to 4% in Europe. The
frequent use of NNRTI in first-line regimens and the clinical impact of NNRTI mutations warrants continued
monitoring.
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The use of combination antiretroviral therapy has strongly
reduced morbidity and mortality among patients infected
with HIV [1]. This use of antiretroviral medication has,
however, also led to transmission of drug resistant HIV-1.
Approximately 10-15% of antiretroviral naïve patients in
Europe [2-5] and North-America [6,7] were infected with
a virus carrying at least one transmitted drug resistance
associated mutation (TDRM). These individuals are at a
higher risk for developing virological failure to first-line
antiretroviral therapy [8].
The objective of this study is to determine the trends in
transmitted drug resistance in newly diagnosed HIV-1
infected patients over time in Europe. For this purpose,
we analyzed the data collected by the pan-European
SPREAD programme. This programme combines the ef-
forts of virologists, clinicians and public health institutes
to study the epidemiology of transmission of drug re-
sistant HIV [2,9]. SPREAD has used since 2002 the same
sampling strategies for inclusion of patients newly diag-
nosed with HIV-1.
Methods
Ethics statement
Ethical requirements are fulfilled according to the proce-
dure described in the EC contract. The procedure differs
among the 32 countries in the network according to
national legislation. Briefly, for each participating hospital
or collection center, approval was obtained by the insti-
tutional medical ethical review committee. Additionally, a
written informed consent was obtained for each patient.
In countries where a mandatory surveillance system was
already established, legally no informed consent was
needed. All surveillance data were made anonymous and
coded at national level.
Study population
The SPREAD Program includes patients with newly di-
agnosed HIV-1 infection from September 2002 through
December 2007 in 26 European countries (Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark,
Germany, Finland, Greece, Ireland, Italy, Latvia, Lithuania,
Luxembourg, the Netherlands, Norway, Poland, Portugal,
Romania, Serbia, Slovakia, Slovenia, Spain, and Sweden)
and Israel. Although Israel is not officially part of Europe,
the WHO includes Israel in the WHO European region
definition [10]. Patients were included using a pre-defined
sampling strategy based on the geographical and risk
group distribution of patients newly diagnosed with HIV
in the participating countries. For more details on the
sampling strategy, inclusion- and exclusion criteria, and
ethical clearance see the previous publications from the
SPREAD Programme [2,9]. Epidemiological, clinical,
and behavioral data were collected using a standardizedquestionnaire within six months of diagnosis. A tho-
rough data verification process preceded the analysis of
the data [2,9].
A blood sample was taken for genotypic resistance test-
ing within six months after diagnosis. Population-based
nucleotide sequencing of parts of the reverse transcriptase
(RT) and protease (PR) genes of the virus was performed
at local laboratories by means of commercially available
kits or in-house methods [2,9]. All countries took part in a
blinded quality control program to verify the quality of the
genotypic data generated. TDRM was defined according
to the mutation list published for surveillance of transmit-
ted drug resistance as recommended by the World Health
Organization [11].
Seroconversion was documented in a proportion of the
newly diagnosed patients. For some of these patients
(n = 882) seroconversion could be established because a
last negative test was available within 3 years before diag-
nosis. In these patients, the date of infection was estimated
as the midpoint between the date of the last negative and
first positive test. In addition, for 506 patients primary
HIV-1 infection was documented based on laboratory
data (i.e. they had documented negative or indeterminate
HIV-1 serological results up to 12 months prior to con-
firmation of diagnosis by western blot). In these 506 pa-
tients, the date of the first positive (and subsequently
confirmed) HIV test was used as the estimated date of in-
fection. Patients were defined as recently infected when
the duration of infection was <1 year [12].
For the purpose of analysis, Western Europe was
defined to include those countries with a long history of
good access to antiretroviral drugs. These countries in-
cluded: Austria, Belgium, Cyprus, Germany, Denmark,
Spain, Finland, Greece, Ireland, Italy, Luxembourg, the
Netherlands, Norway, Portugal, Sweden, France, the
United Kingdom, Switzerland, and Iceland. In our study,
Israel was also included in the Western Europe category.
The HIV-1 subtypes were determined by use of the Rega
HIV-1 subtyping tool (version 2.0, available at http://www.
bioafrica.net/rega-genotype/html/) [13].
Phylogenetic analyses
Phylogenetic analyses were performed to investigate
clustering of sequences with TDRM. As controls we in-
cluded 1) the genetically most closely related sequences
in the entire SPREAD dataset (n = 46) as identified by
neighbor-joining phylogenetic trees constructed using
Mega5; 2) the most closely related sequences (according
to the percent of matching bases) in the Los Alamos
Sequence Database (www.hiv.lanl.gov) as identified using
the HIV BLAST tool (n = 55; 3) subtype reference from
the Los Alamos Sequence Database.
Sequences were aligned using Clustal W (BioEdit version
7.0.5.3) software followed by manual editing and removal
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were constructed for each relevant subtype using Mega5
and the best fitting nucleotide substitution model estimated
by ModelTest v0.1.1 [14] under the Akaike information cri-
terion. Robustness and statistical support of the internal
branches of the maximum likelihood tree were evaluated
with bootstrap analysis (1000 replicates). Potential non-
nucleoside reverse transcriptase inhibitors (NNRTI) trans-
mission clusters were defined as cluster including only
sequences with at least one NNRTI TDRM with >70%
bootstrap support and a mean genetic distance of <0.03 nu-
cleotide substitutions per site [15,16].
Statistical analyses
The data were analysed using the statistical software R
(version 2.11.1). Categorical data were compared by use
of the χ2 test, Fisher exact test, or logistic regression
techniques. Continuous data were investigated by means
of the Mann–Whitney U test, linear regression, or Pois-
son regression. Prevalence values were calculated with a
95% Wilson score confidence interval (CI) on the basis
of a binomial distribution. Trends in the prevalence of
TDRM were calculated by logistic regression. SeveralTable 1 Characteristics of all included HIV-1 patients and pat
drug resistance mutations to NRTI, NNRTI, or PI drug class
Characteristics Categories Total
Patients 4317
Continent of origin, no (%) Western Europe 2404 (56)
Eastern Europe & Central Asia 919 (21)
Sub-Saharan Africa 472 (11)
Other 354 (8)
Unknown 168 (4)
Gender, no. (%) Male 3411 (79)
Risk group, no. (%) MSM 2084 (48)
Hetero 1501 (35)
Injecting drug use 355 (8)
Unknown 377 (9)
Subtype, no. (%) B 2855 (66)
non-B 1381 (32)
Unknown 81 (2)
Duration of infection, no (%) <1 year 1236 (29)
1-2 years 144 (3)
Unknown 2937 (68)
Plasma HIV-RNA, median (IQR), log copies/ml 4.9 (4.3-5.3
CD4 cell count, median (IQR), cells/mm3 352 (180–
Age, median years (IQR) 35 (29–42
NOTE. NRTI, nucleoside reverse transcriptase inhibitor; NNRTI, non-nucleoside rever
men; IQR, interquartile ranges; aTDRM’s from multiple classes was found in 49 (22.5
respectively, and are therefore counted in more than one drug resistance column. M
for NRTI-PI in 27 patients and NNRTI-PI in 17 patients. Resistance for all three drugfactors were investigated as potential risk factors for
TDRM: route of infection, recent infection, subtype, sex,
age, continent of origin, CDC stage, CD4 cell count
(square root transformed), log viral load. All statistically
significant (P < 0.1) univariate predictors of TDRM were
considered as possible confounding factors in the multi-
variate time trend analysis.
Results
Population characteristics
The SPREAD programme enrolled 4,470 newly diag-
nosed HIV-1 patients from September 2002 through
December 2007. Included here are 4,317 patients for
whom genotypic information was available. Data from pa-
tients included until 2005 (n = 2687) have been reported
previously [2,9]. The current analysis contains 1630 ad-
ditional patients, included between January 2006 and
December 2007.
Table 1 shows the baseline characteristics for all pa-
tients. More than half (56%) originated from Western
Europe, followed by patients originating from Eastern
Europe and Central Asia (21%) and from Sub-Saharan
Africa (11%). The most commonly reported transmissionients carrying a wild-type virus or a virus with transmitted
Wild-type NRTI TDRMa NNRTI TDRMa PI TDRMa
3933 218 125 107
2164 (55) 135 (62) 85 (68) 66 (62)
848 (22) 48 (22) 16 (13) 17 (16)
442 (11) 12 (6) 11 (9) 12 (11)
325 (8) 16 (7) 9 (7) 8 (7)
154 (4) 7 (3) 28 (2) 4 (4)
3084 (78) 190 (87) 107 (86) 88 (82)
1852 (47) 138 (63) 79 (63) 57 (53)
1402 (36) 50 (23) 28 (22) 37 (35)
337 (9) 7 (3) 10 (8) 5 (5)
342 (9) 23 (11) 8 (6) 8 (7)
2553 (65) 183 (84) 94 (75) 78 (73)
1306 (33) 31 (14) 27 (22) 27 (25)
74 (2) 4 (2) 4 (3) 2 (2)
1099 (28) 75 (34) 49 (39) 41 (38)
130 (3) 8 (4) 6 (5) 2 (2)
2704 (69) 135 (62) 70 (56) 64 (60)
) 4.9 (4.3-5.3) 4.9 (4.3-5.5) 4.8 (4.1-5.5) 4.7 (4.3-5.2)
540) 350 (177–534) 400 (186–572) 426 (275–577) 386 (251–593)
) 35 (29–42) 35 (28–42) 35 (29–43) 34 (29–39)
se transcriptase inhibitor; PI, protease inhibitor; MSM: men who have sex with
%), 39 (31.2%), and 28 (26.2%) patients in the NRTI, NNRTI, and PI drug class,
ulti-class resistance was found for the combination NRTI-NNRTI in 38 patients,
classes was found in 16 patients.
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(48%), followed by heterosexuals (35%) and injection drug
users (8%). Most patients were male (80%). Most patients
were diagnosed with HIV in their thirties. Nearly one third
of patients were defined as recently infected (<1 year).
Subtype B was the most frequent viral subtype (66%). At
time of diagnosis the median log plasma HIV-RNA was
4.9 copies/ml (IQR: 4.3-5.3) and the median CD4 cell
count 352 cells/mm3 (IQR: 180–540). Table 2 shows the
characteristics of all included HIV-1 patients and patients
included in the years 2002 to 2005 and 2006 to 2007.
Prevalence of resistance
The overall prevalence of TDRM in newly diagnosed pa-
tients during the period 2002–2007 was 8.9% (95% CI:
8.1-9.8), of whom 69% were infected with viruses car-
rying a single TDRM. Most mutations found were asso-
ciated with nucleos(t)ide reverse transcriptase inhibitor
(NRTI) resistance at 5.0% (95% CI: 4.4-5.7), but NNRTI
resistance mutations at 2.9% (95% CI: 2.4-3.4) and pro-
tease inhibitor (PI) resistance mutations (2.5%; 95% CI:
2.1-3.0) were also observed. Dual- and multi-class resis-
tance was seen in 0.8% and 0.4% of the patients, respec-
tively. Most NRTI TDRM (184 of 218, 84.4%) were of
the thymidine analogue mutations (TAMs) class that are
associated with resistance to zidovudine and stavudine.Table 2 Characteristics of all included HIV-1 patients and pat
to 2007
Characteristics Categories
Patients
Continent of origin, no (%) Western Europe
Eastern Europe & Central Asia
Sub-Saharan Africa
Other
Unknown
Gender, no. (%) Male
Risk group, no. (%) MSM
Hetero
Injecting drug use
Unknown
Subtype, no. (%) B
non-B
Unknown
Duration of infection, no (%) <1 year
1-2 years
Unknown
Plasma HIV-RNA, median (IQR), log copies/ml
CD4 cell count, median (IQR), cells/mm3
Age, median years (IQR)The highest prevalence was found for the revertant
mutations at position 215 (S/D/C/E/I/V at 2.7%), followed
by M41L (1.7%), and L210W (0.6%). The most prevalent
drug resistant mutations were K103N (1.7%), G190A
(0.5%), Y181C (0.4%) for NNRTI and L90M (0.6%) for PI.
Factors associated with TDRM
We analyzed which factors were associated with drug re-
sistance for both the total TDRM group as well as for the
subgroups by drug class (Additional file 1: Tables S1
and S2). In a univariate analysis, several factors were asso-
ciated with the presence of overall TDRM. These factors
included a Western European origin (odds ratio [OR],
1.35, P = 0.008), CD4 cell count (square root transformed)
(OR: 0.82, P = 0.01), MSM (OR:1.80, P < 0.0001), subtype
B (OR:2.06, P < 0.0001) and recent infection (OR:1.43,
P = 0.001). In a multivariate analyses, only the MSM
(OR:1.41, P = 002) and subtype B (OR:1.49, P = 002)
remained significant. The NRTI and NNRTI drug classes
showed the same significant predictors for resistance in
the univariate analyses as was shown for the overall
TDRM, although the square root CD4 cell count was not
being associated with resistance for the NRTI drug class.
In the multivariate analyses only the MSM risk group
(OR:1.41, P = 0.03) and subtype B (OR:1.49, P = 0.001)
remained significant for the NRTI drug class. For theients included in the years 2002 to 2005 and 2006
Total 2002-2005 2006-2007
4317 2687 1630
2404 (56) 1608 (60) 796 (49)
919 (21) 424 (16) 495 (30)
472 (11) 323 (12) 149 (9)
354 (8) 190 (7) 164 (10)
168 (4) 142 (5) 26 (2)
3411 (79) 2080 (77) 1331 (82)
2084 (48) 1230 (46) 854 (52)
1501 (35) 1004 (37) 497 (30)
355 (8) 208 (8) 147 (9)
377 (9) 245 (9) 132 (8)
2855 (66) 1777 (66) 1078 (66)
1381 (32) 849 (32) 532 (33)
81 (2) 61 (2) 20 (1)
1236 (29) 724 (27) 512 (31)
144 (3) 77 (3) 67 (4)
2937 (68) 1886 (70) 1051 (64)
4.9 (4.3-5.3) 4.9 (4.3-5.3) 4.8 (4.2-5.4)
352 (180–540) 343 (163–533) 370 (210–548)
35 (29–42) 35 (29–42) 35 (29–42)
BA
p=0.36
p=0.44
p=0.004
p=0.001
p=0.44
p=0.13
p=0.16
Figure 1 Smoothed line of prevalence of TDRM in patients
diagnosed from 2002 to 2007 at time of sequence sampling.
(A) Prevalence of TDRM associated with any of the drug classes
(any class), nucleoside reverse-transcriptase inhibitor (NRTI),
nonnucleoside reverse-transcriptase inhibitor (NNRTI), and protease
inhibitor (PI). (B) Prevalence of mutations associated with nucleoside
reverse-transcriptase inhibitors (NRTI), thymidine analogue mutations
(TAM) and revertants, and the M184V mutation. The p-values of the
time trends are shown. The multivariate time trend analyses did not
change the time trend estimates and significance.
Table 3 Logistic regression of the effect of time-in-years
on the prevalence of resistance with and without
adjustment of risk-factors
Univariate Multivariate*
OR (95% CI) p-value OR (95% CI) p-value
Any 1.03 (0.97-1.1) 0.37 1.00 (0.93-1.08) 0.92
NRTI 1.03 (0.95-1.13) 0.44 1.01 (0.91-1.12) 0.84
NNRTI 1.18 (1.05-1.32) 0.004 1.15 (1.01-1.31) 0.03
PI 0.81 (0.72-0.92) 0.001 0.81 (0.71-0.92) 0.002
*In the multivariate analyses we included the factors associated with TDRM.
For Any, NRTI, and NNRTI these were Continent of origin, MSM, subtype B,
recent infection as well as CD4 count for Any and NNRTI. For the PI drug class
the factors associated with TDRM were log HIV-RNA load, age per 10 years,
square root CD4 cell count, and recent infection.
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TDRM were log HIV-RNA load, age per 10 years, square
root CD4 cell count, and recent infection. None of these
factors remained significant in the multivariate analyses.
Table 1 shows that most characteristics were similar
for patients infected with an NRTI-TDRM, an NNRTI-
TDRM, or a PI-TDRM virus. For example, similar pro-
portions originating from Western Europe were seen in
patients infected with a virus with NRTI-TDRM (62%),
NNRTI-TDRM (68%), or PI-TDRM (62%). The pro-
portion of males ranged between 82 and 87%, and the
proportion of MSM between 53 and 63% in the three re-
sistance groups. The duration of infection was similar in
all three groups. The proportion of patients recently in-
fected was 34% in the NRTI, 39% in the NNRTI and
38% in the PI TDRM groups.
TDRM trends over time
Logistic regression showed that the overall prevalence of
TDRM (8.8% in 2002 and 9.8% in 2007) was stable over
time (OR, 1.03 [95% CI, 0.97-1.10]; p = 0.37) (Figure 1A
and Table 3). Interestingly, we did observe significant
changes in resistance to particular classes of antiretroviral
drugs. For the NNRTI TDRM, the prevalence was 2.0% in
2002 and increased to 4.1% in 2007. Logistic regression
showed that this increase was significant (OR, 1.18
[95% CI, 1.06-1.32]; p = 0.004). In contrast, for PI TDRM,
the highest prevalence was found in 2002 at 3.9% and it
decreased significantly over time to 1.6% in 2007 (OR,
0.81 [95% CI, 0.72-0.92]; p = 0.001). The prevalence of
NRTI TDRM was stable, at 5.0% in 2002 and 5.2% in 2007
(OR, 1.03 [95% CI, 0.95-1.13]; p = 0.44). Factors associated
with TDRM (P < 0.1) were included in the multivariate
time trend analyses. Adjusting for these factors did not
affect the time trend estimates and significance. When
examining the incidence of TDRM over time in recently
infected patient, we observed the same increasing trend
for NNRTI (2.9% in 2002 and 3.8% in 2007) as well as the
decreasing trend for PI (5.9% in 2002 and 2.2% in 2007).
However, due to the low number of included patients in
this analyses, these trend did not remain significant (data
not shown).
We investigated several hypotheses that could explain
the increase in transmission of NNRTI TDRM. The first
possible explanation could be that a few patients infected
with a strain that contains transmitted NNRTI resistance
transmitted their virus to substantial numbers of other
individuals. However, this explanation is not plausible as
phylogenetic analyses showed several different clusters
containing the K103N amino acid substitution and these
clusters were comprised of only a small number of pa-
tients (Figure 2). Second, an increase in transmitted
NNRTI resistance could be explained by migration from
Africa, as nevirapine is frequently used for prevention of
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Figure 2 (See legend on next page.)
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Figure 2 The K103N mutation in phylogenetic analyses of HIV-1 subtype B pol sequences. The reliability of tree topologies was assessed
by bootstrapping with 1000 replicates. A bootstrap support of 70%, or greater, are shown at nodes on the tree. The source of the data, the
country of residence, and the presence of an NNRTI resistance mutation are included in the sequence-label. The 16 square brackets show patients
in a phylogenetic cluster with bootstrap support of >70% and a mean genetic distance of <0.03 nucleotide substitutions per site; (●) indicated
patients with a K103N mutation; (▲) highlights a reference sequence.
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can be concluded that this is unlikely given that only eight
(9%) patients with a single NNRTI mutation were coming
from Sub-Saharan Africa.
We further investigated the time trends for specific
TDRM within the NRTI drug class. TAMs were selected
in many treated patients before the HAART era by
single and dual therapy including zidovudine or stavu-
dine. The M184V mutation can be selected by the drugs
emtricitabine, lamivudine, and abacavir. Any of these
drugs have been part of the recommended NRTI back-
bones in treatment that were in use during the time that
we collected our data [17-20]. We detected the M184V
mutation in 16 patients (0.4%). Figure 1B shows that
both the prevalence of the TAMs and corresponding re-
vertants and the M184V mutations were stable over time
(OR, 1.07 [95% CI, 0.98-1.18]; p = 0.13 and 0.79 [95% CI,
0.56-1.10]; p = 0.16, respectively).
Discussion
We studied the prevalence of transmission of drug re-
sistance among patients newly diagnosed with HIV-1 in
Europe. The overall prevalence of TDRM remained stable
over time in Europe at a level that is just below 10%. But,
the underlying prevalence of TDRM associated with
particular antiretroviral drug classes showed important
changes over time. We found a significant increase in the
prevalence of transmitted NNRTI resistance, doubling
from 2.1% in 2002 to 4.1% in 2007. In contrast, trans-
mitted PI resistance decreased significantly from 3.9% to
1.6%. Transmitted NRTI resistance mutations remained
stable over time (5.7%) and generally involved TAM
mutations.
We investigated TDRM trends with data collected by
the pan-European SPREAD programme. Several studies
reported on the changes of TDRM over time in single
countries in Europe [21-26]. Recent data from Italy are in
agreement with our results. The Italian study reported a
similar significant decrease in resistance to PIs and NRTIs
and an increase in resistance to NNRTIs in the same time
frame [23]. Also, a study in seroconverters in Germany
found stable overall resistance and an increase over time
for NNRTI resistance (although not significant) between
1996 and 2007. However, transmitted NRTI resistance
was decreasing and PI resistance was stable over time
[24]. In the UK, the prevalence of TDRM was decreasing
from 2002 to 2007, followed by a slight increase in 2009.This later rise was mainly a result of increases in resistance
to NRTIs and PIs [26]. In Sweden, a low overall prevalence
of resistance was found (5.8%) and no clear trend over
time [25]. In addition, a study from Belgium found no
changes over time, which can partly be explained by the
smaller sample size in this study and thus the reduced
power to detect statistically significant changes [22].
Comparable to Europe, in North America antiretro-
viral drugs have been available for a prolonged time. A
recent published study in San Francisco reported an in-
crease of prevalence of TDRM between 2003 and 2007
whereas the prevalence decreased not-significantly after-
wards [27]. In Canada, Burchell et al. showed an increa-
sing trend of TDRM prevalence from 2002 to 2009 due
to an increase of TDRM to NRTIs and NNRTIs.
In the previous study published by the SPREAD pro-
gramme, transmitted NNRTI resistance showed a sta-
tistically significant parabolic time trend over the time
period of 2002 to 2005 (n = 2687) with a peak at the end
of 2004 (p = 0.02) [2]. The change from a parabolic to a
linear increase over time that was found in this study,
which includes the years 2006 and 2007 (n = 1630),
could be explained by the longer time period covered
and the increase in power to calculate time trends. Fur-
thermore, the data from 2006 and 2007 showed that the
initial increase in NNRTI resistance that was seen in the
previous study persisted in these later years.
We investigated several factors that could explain the
increase of transmitted NNRTI resistance in Europe. Mi-
gration from Africa could have explained the increase as
a single-dose of the NNRTI nevirapine has been used
extensively for prevention of mother-to-child-transmis-
sion, which resulted in increased levels of NNRTI resis-
tance [28]. However, this is highly unlikely because only
8 (9%) patients with a single NNRTI mutation came
from Sub-Saharan Africa in our dataset. Second, it is
important to note that virological studies showed that the
K103N, a major NNRTI mutation, can persist in the ab-
sence of treatment [29]. However, our phylogenetic ana-
lyses indicated that an increase in transmitted NNRTI
resistance did not occur within only a few large phyloge-
netic clusters thus suggesting that TDR with K103N origi-
nated from different sources. This is in agreement with
literature, where phylogenetic analyses in antiretroviral
naïve patients showed clustering of resistant sequences
[30-32]. This mostly involved NRTI mutations, whereas
large NNRTI mutations clusters have not been observed.
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increased rates of transmitted NNRTI resistance muta-
tions. NNRTIs have become more popular in first-line
treatment as international guidelines have increasingly re-
commend the use of NNRTI for initial therapy [17,18,33].
as they have good clinical efficacy [34,35] and are conve-
nient to use (low pill burden) which improves adherence
[36]. Changing initial therapy has been shown, for example
in The Netherlands [37]. Unfortunately, NNRTIs have a
low genetic barrier to drug resistance. A single amino acid
change is sufficient for high level drug resistance to the
most commonly used NNRTIs in first-line treatment [38].
We believe that with the use of NNRTIs in first line regi-
mens (in combination with emtricitabine/lamivudine plus
either tenofovir or abacavir) resistant viruses can become
selected in failing patients. Early after failure these viruses
carry a single NNRTI mutation often combined with the
M184V/I [39]. M184V has a strong effect on replication
capacity and if transmitted, reverts back to wild-type ra-
pidly (68% after 6 months of HIV infection [40]). In con-
trast, the K103N has a limited effect on viral replication
capacity and persist for long periods after transmission
and strains with this mutation are therefore also transmit-
ted to others (onward transmission) [41].
The decreasing transmission of PI resistant mutations
can also be explained by changes in prescribing practices
over time. From 2004, the guidelines for treatment of
adult HIV infection have recommended the use of
NNRTIs over PIs due to better virological outcome, lower
rates of toxic effects, and fewer interactions between drugs
[18]. In addition, over time PIs have increasingly been
given with low dose ritonavir (or boosted PIs), which have
a high genetic barrier for drug resistance. Therefore
the chance of selecting resistant viruses upon treatment
failure is very low [42-44], likely resulting in a decreased
rate of PI versus NNRTI- TDR.
The persistent high levels of TAMs and revertants over
the years are not in line with prescribing practices. TAMs
were originally selected by the thymidine analogues stavu-
dine and zidovudine, which have been used extensively in
the past but have over time become less common in first-
line treatment [45,46]. The persistently high levels of
TAMs and revertants can be explained by initial selection
in the early 1990s, and subsequently the original selected
mutations may have persisted. In addition, revertants or
intermediates have evolved in the absence of drug pres-
sure and persisted since then. This is confirmed by several
studies showing that TAMs and revertants tend to persist
in the absence of antiretroviral drugs [29,40]. Given that
we find transmitted TAMs also in patients with recent in-
fection despite the decreasing use of zidovudine during
the study period indicates that these viruses are descen-
dants of resistant viruses generated ten to fifteen years ago
that still are circulated and being transmitted.A limitation of our study is that we used population se-
quencing to identify drug resistance associated mutations.
Although population sequencing is standard practice
across Europe, this technique fails to identify drug-resist-
ant minority variants that are present in <20% of the virus
population infecting a patient [47]. These minority va-
riants have been detected in almost 20% of antiretroviral
naïve HIV-infected individuals [48]. The presence of
minorities, particularly involving NNRTI resistance, is as-
sociated with an increased risk of virological failure to
first-line therapy [48]. The increasing levels of transmitted
NNRTI resistance are therefore worrying, as we most
probably underestimate the real prevalence in this study.
Representativeness of the data could also be a limitation
in our study. We assessed the representativeness by com-
paring the distribution of the transmission groups in all
countries included in SPREAD with the HIV surveillance
data from the European Centre for Disease prevention
and Control (ECDC) (data not shown). The proportional
distribution of the different transmission groups was very
comparable. However, compared to the data from ECDC,
MSM were somewhat over-represented in some of the
countries participating in SPREAD. This may suggest that
the estimated prevalence in our study might be slightly
overestimated.
A strength of our study is the data collection that
is performed within the SPREAD programme. The
SPREAD programme is a large and sufficiently powered
pan- European study that has been running since almost
ten years. During this time the programme included
patients newly diagnosed with HIV using a predefined
strategy that is based on the transmission routes and
geographical distribution of HIV in the participating
countries.
The SPREAD programme studies the prevalence of
TDRM in newly diagnosed patients, of which most pa-
tients are chronically infected. Several studies showed that
resistance levels in recently infected patients are higher
compared to those in chronically infected patients [24,49].
The reason for choosing to investigate newly diagnosed
patients is that these patients reflect the patients coming
under medical attention. Furthermore, to limit the ana-
lyses only to recently infected patients might give a biased
result, as MSM (which have higher prevalence of TDRM)
are being tested more frequently and are therefore more
often recently infected at HIV-diagnosis compared to
other risk-groups.
The results from this study have several implications
for clinical practice and public health. The single TAMs
and revertants found do generally not cause resistance
to nucleos(t)ides currently popular in first-line regimens
(emtricitabine, tenofovir, lamuvidine, abacavir). There-
fore, the high prevalence of resistance to single TAMs
that was found in Europe probably will not have a great
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prevalence of PI mutations and their negligible effect on
the efficacy of boosted PIs also implies that they will not
have a major public health implication. Conversely, the
increasing prevalence of transmitted NNRTI resistance
is likely to negatively influence the therapy response
to NNRTI-containing regimens. Since it is it unknown
whether the increasing NNRTI resistance levels will in-
crease even more or will level-off, surveillance of TDRM
will remain important.
Conclusions
In conclusion, during the last decade, rates of transmit-
ted resistance to certain drug classes have changed con-
siderably. PI resistance declined between 2002 and 2007.
In contrast, a significant increase in transmitted NNRTI
resistance was observed. This finding underscores the
importance of baseline drug-resistance testing prior to
the beginning of treatment, given the medical evidence
that transmitted NNRTI reduces the efficacy of current
first line NNRTI-based regimens [8].
Additional file
Additional file 1: Table S1. Predictors of TDRM: univariable and
multivariable models. Table S2. Predictors of TDRM to individual drug
classes: univariable and multivariable models.
Competing interest
The authors declare that they have no competing interest.
Authors’ contributions
All authors (DF, DAMCVV, ABA, JA, OH, LBJ, CK, DS, J-CS, JV, BÅ, CB, DB; RJC,
BC, SC, AG, ZG, AH, TK, KK, LGK, KL, ML, CN, DO, DP, RP, MP, EP-S, AS, DS, MS,
EVW, AMJW and CABB) 1) have made substantial contributions to conception
and design, or acquisition of data and interpretation of data; 2) have been
involved in revising it critically for important intellectual content; and 3) have
given final approval of the version to be published. DF, DAMCVV, ABA, JA,
OH, LBJ, CK, DS, J-CS, JV, AMJW and CABB made substantial contribution to
analysis and interpretation of data. DF, DAMCVV and CABB have been
involved in drafting the manuscript. All authors read and approved the final
manuscript.
Acknowledgement
We thank the patients and doctors throughout Europe, for their consent and
support for the study.
SPREAD programme investigators
Austria: E. Puchhammer-Stockl (national coordinator), M. Sarcletti, B. Schmied,
M. Geit, and G. Balluch. Belgium: A.-M. Vandamme (national coordinator),
J. Vercauteren, I. Derdelinckx, A. Sasse, M. Bogaert, H. Ceunen, A. De Roo, S.
De Wit, F. Echahidi, K. Fransen, J.-C. Goffard, P. Goubau, E. Goudeseune, J.-C.
Yombi, P. Lacor, C. Liesnard, M. Moutschen, D. Pierard, R. Rens, Y. Schrooten,
D. Vaira, L.P.R. Vandekerckhove, A. Van den Heuvel, B. Van Der Gucht,
M. Van Ranst, E. Van Wijngaerden, B. Vandercam, M.Vekemans, C. Verhofstede,
N. Clumeck, , and K. Van Laethem. Cyprus: L. Kostrikis (national coordinator),
I. Demetriades, I. Kousiappa, V. Demetriou, and J. Hezka. Czech Republic: M. Bruck-
ova (national coordinator), M. Linka, and L. Machala. Denmark: C. Nielsen (national
coordinator), L. B. Jørgensen, J. Gerstoft, L. Mathiesen, C. Pedersen, H. Nielsen, A.
Laursen, and B. Kvinesdal. Finland: M. Salminen (national coordinator), M. Ristola,
K. Liitsola, J. Suni, and J. Sutinen. Germany: K. Korn (national coordinator),
C. Kücherer, T. Berg, P. Braun, G. Poggensee, M. Däumer, J. Eberle, O. Hamouda, H.
Heiken, R. Kaiser, H. Knechten, H. Müller, S. Neifer, B. Schmidt, H. Walter, B.Gunsenheimer-Bartmeyer, and T. Harrer. Greece: D. Paraskevis (national coordinator),
A. Hatzakis, E. Magiorkinis, E. Hatzitheodorou, C. Haida, A. Zavitsanou,
G. Magiorkinis, M. Lazanas, M. Chini, N. Magafas, N. Tsogas, V. Paparizos, S.
Kourkounti, A. Antoniadou, A. Papadopoulos, P. Panagopoulos, G. Poulakou, V.
Sakka, G. Chryssos, S. Drimis, P. Gargalianos, M. Lelekis, G. Chilomenos,
M. Psichogiou, G. L. Daikos, G. Panos, G. Haratsis, T. Kordossis, A. Kontos,
G. Koratzanis, M. Theodoridou, G. Mostrou, and V. Spoulou. Ireland: S. Coughlan
(national coordinator), C. De Gascun, C. Byrne, M. Duffy, C. Bergin, D. Reidy, G.
Farrell, J. Lambert, E. O’Connor, A. Rochford, J. Low, P. Coakely, S. O’Dea and W.
Hall. Israel: Z. Grossman (national coordinator), I. Levi, and D. Chemtob. Italy:
C. Balotta (national coordinator), C. Riva, C. Mussini, I. Caramma, A. Capetti,
M. C. Colombo, C. Rossi, F. Prati, F. Tramuto, F. Vitale, M. Ciccozzi, G. Angarano,
and G. Rezza. Luxembourg: J. C. Schmit (national coordinator), D. Struck,
R. Hemmer, V. Arendt, T. Staub, F. Schneider, and F. Roman. The Netherlands:
A. M. J. Wensing (national coordinator), C. A. B. Boucher (national coordinator),
D. A. M. C. van de Vijver, A. van Kessel, P. H. M. van Bentum, K. Brinkman,
E. L. op de Coul, M. E. van der Ende, I. M. Hoepelman, M. van Kasteren,
J. Juttmann, M. Kuipers, N. Langebeek, C. Richter, R. M. W. J. Santegoets, L.
Schrijnders-Gudde, R. Schuurman, and B. J. M. van de Ven. Norway: B. Åsjö
(national coordinator), V. Ormaasen, and P. Aavitsland. Poland: A. Horban
(national coordinator), J. J. Stanczak, G. P. Stanczak, E. Firlag-Burkacka, A.
Wiercinska-Drapalo, E. Jablonowska, E. Małolepsza, M. Leszczyszyn-Pynka, and
W. Szata. Portugal: R. Camacho (national coordinator), C. Palma, F. Borges, T.
Paixão, V. Duque, and F. Araújo on behalf of the Portuguese SPREAD Network.
Republic of Serbia: M. Stanojevic (national coordinator), Dj. Jevtovic, and
D. Salemovic. Slovakia: D. Stanekova (national coordinator), M. Habekova, M.
Mokras, and P. Truska. Slovenia: M. Poljak (national coordinator), M. Lunar, D.
Babic, J. Tomazic, L. Vidmar, T. Vovko and P. Karner. Spain: B. Clotet (national
coordinator), P. Domingo, M. J. Galindo, C. Miralles, M.A. del Pozo, E. Ribera,
J. A. Iribarren, L. Ruiz, J. de la Torre, F. Vidal, F. Garcia and R. Paredes. Sweden:
J. Albert (national coordinator), A. Heidarian, K. Aperia-Peipke, M. Axelsson,
M. Mild, A. Karlsson, A. Sönnerborg, A. Thalme, L. Navér, G. Bratt, A. Karlsson,
A. Blaxhult, M. Gisslén, B. Svennerholm, I. Bergbrant, P. Björkman, C. Säll,
Å. Mellgren, A. Lindholm, N. Kuylenstierna, R. Montelius, F. Azimi, B. Johansson,
M. Carlsson, E. Johansson, B. Ljungberg, H. Ekvall, A. Strand, S. Mäkitalo,
S. Öberg, P. Holmblad, M. Höfer, H. Holmberg, P. Josefson, U. Ryding.
GenBank accession numbers
The following are the GenBank accession numbers for all of the sequences used
in this analysis: AJ971091, AJ971093, AJ971096, AJ971102, AJ971103, AJ971106,
AJ971107, AJ971109, AJ971110, AJ971113, AJ971114, AJ971117, AJ971122,
AJ971128, AJ971133, AJ971140, AJ971143, AJ971144, AJ971268, AJ971271,
AJ971274, AJ971276–AJ971281, AJ971283, AJ971285–AJ971287, AJ971289,
AM113750, AY694290, AY694313, AY694317, AY694318, AY694321, AY694322,
AY694324, AY694328–AY694330, AY694338, AY694339, AY694343–AY694345,
AY694350, AY694353, AY694361, AY694362, AY694377, AY694382, AY938435/
AY940218, AY938437/AY940236, AY938439/AY940229, AY938440/AY940230,
Y938441/AY940315, AY938442/AY940257, AY938443/AY940259, AY938444/
AY940243, AY938445/AY940238, AY938446/AY940238, AY938447/AY940237,
AY938448/AY940239, AY938449/AY940240, AY938450/AY940245, Y938451/
AY940246, AY938452/AY940224, AY938453/AY940264, AY938454/AY940247,
AY938455/AY940248, AY938456/AY940222, AY938458/AY940262,
AY938459/AY940253, AY938460/AY940219, AY938461/AY940220, AY938463/
AY940244, AY938464/AY940216, AY938465/AY940215, AY938470/AY940252,
AY938471/AY940254, AY938472/AY940232, AY938473/AY940235, AY938474/
AY940225, AY938475/AY940277, AY938476/AY940296, AY938477/AY940282,
AY938482/AY940273,
AY938484/AY940276, AY938487/AY940293, AY938488/AY940283, AY938489/
AY940280, AY938490/AY940275, AY938492/AY940272, AY938498/AY940297,
AY938499/AY940249, AY938500/AY940270, AY938501/AY940298, AY938502/
AY940251, AY938503/AY940302, AY938504/AY940217, AY938507/AY940279,
AY938508/AY940291, AY938509/AY940274, AY938510/AY940271, AY938511/
AY940301, AY938512/AY940234, AY938513/AY940263, AY938514/AY940265,
AY938515/AY940267, AY938516/AY940268, AY938517/AY940260, AY938519/
AY940266, AY938520/AY940250, AY938521/AY940304, AY938522/AY940307,
AY938523/AY940305, AY938524/AY940306, AY938525/AY940226, AY938526/
AY940311, AY938527/AY940312, Y938528/AY940313, AY938530/AY940294,
AY938531/AY940255, Y938532/AY940233, AY938533/AY940269, DQ974841,
DQ974844, DQ974845, DQ974847, DQ974848, DQ974850, DQ974853,
DQ974854, DQ974857, DQ974858, DQ974863–DQ974865, DQ974867–DQ974873,
DQ974875–DQ974877, DQ974880–DQ974882, DQ974887, DQ974890, DQ974892,
Frentz et al. BMC Infectious Diseases 2014, 14:407 Page 10 of 12
http://www.biomedcentral.com/1471-2334/14/407DQ974893, DQ974895–DQ974897, DQ974899, DQ974902–DQ974906,
DQ974908, DQ974910–DQ974912, DQ974922–DQ974924, DQ974927–DQ974929,
DQ974931, DQ974932, DQ974941, DQ974944–DQ974947, DQ974951–DQ974953,
DQ974955_DQ974963, DQ974965, DQ974966, DQ974968, DQ974982–DQ974991,
DQ974996–DQ974998, DQ975003, DQ975011–DQ975015, DQ975018–DQ975021,
DQ975024, DQ975032, DQ975034–DQ975036, DQ975044, DQ975136, DQ975139,
DQ975140–DQ975147, DQ975156–DQ975159, DQ975161–DQ975163, DQ975165,
DQ975169, DQ975172, DQ975173, DQ975187, EU248291–EU248297, EU248299,
EU248300, EU248302, EU248303, EU248305–EU248307, EU248309, EU248310,
EU248312, EU248314, EU248315, EU248317, EU248320–EU248323, EU248325,
EU248327, EU248329, EU248331–EU248337, EU248340, EU248341,
EU248343–EU248345, EU248347–EU248360, EU248363–EU248365,
EU248368, EU248371–
EU248373, EU248376–EU248378, EU248382, EU248383, EU248385–EU248387,
EU248389, EU248392, EU248393, EU248396, EU248399, EU248400, EU248401,
EU248403, EU248404, EU248406–EU248408, EU248410–EU248412, EU248415–
EU248419, EU248421–EU248426, EU248428, EU248431, EU248432, EU248435,
EU248439, EU248440–EU248444, EU248446, EU248448, EU248449, EU248451,
EU248453, EU248455–EU248457, EU248459–EU248461, EU248463–EU248466,
EU248468–EU248474, EU248476, EU248477, EU248479, EU248480, EU248483,
EU248485, EU248487–EU248490, EU248492, EU248494–EU248498,
EU248500–EU248505, EU248507, EU248509, EU248512, EU248515,
EU248517–EU248521, EU248523, EU248526–EU248569, EU248571–EU248582,
EU248584–EU248588,
EU673374–EU673397, FJ030767, FJ030769, FJ030771, FJ030772, FJ185113–
FJ185120, FJ185122, FJ185124, FJ185125, FJ185127, GQ398826–GQ401023,
JX299533-JX301162.
The work has been partially funded by the European Commission (grant
QLK2-CT-2001-01344, fifth framework; grant LSHP-CT-2006-518211, sixth
framework, grant DynaNets no. 233847), seventh framework; Belgian AIDS
Reference Laboratory Fund, Belgian Fonds voor Wetenschappelijk Onderzoek
(grant G.0611.09); Interuniversitaire Attractiepolen (Belgium; grant P6/41); Cyprus
Research Promotion Foundation (grant Health/0104/22); Danish AIDS Foundation;
Ministry of Health (Germany; grant 1502-686-18); Ministry of Education and
Research (Germany; grant 01KI501); Fifth National Program on HIV/AIDS, Istituto
Superiore di Sanità (Italy; grants N 40F.56 and 20D.1.6); Fondation Recherche sur
le SiDA; Ministry of Health (Luxembourg); Swedish Research Council; Swedish
Civil Contingencies Agency; CHAIN, Collaborative HIV and Anti-HIV Drug
Resistance Network’, Integrated Project no. 223131, funded by the European
Commission Framework 7 Program; Ministry of Education and Science (Republic
of Serbia; grant 175024). ABA is supported by Fundação para a Ciência e
Tecnologia (grant no. SFRH/BPD/65605/2009).
Results of this paper have been presented at the 9th European Workshop on
HIV & Hepatitis-Treatment Strategies & Antiviral Drug Resistance, Cyprus.
SPREAD (Strategy to Control the Spread of HIV-1) investigators are listed after
the text.
Author details
1Erasmus Medical Center, Rotterdam, the Netherlands. 2Centro de Malária e
outras Doenças Tropicais, Instituto de Higiene e Medicina Tropical,
Universidade Nova de Lisboa, Lisboa, Portugal. 3Department of Microbiology,
Tumor and Cell Biology, Karolinska Institutet, Stockholm, Sweden.
4Department of Clinical Microbiology, Karolinska University Hospital,
Stockholm, Sweden. 5Robert Koch Institute, Berlin, Germany. 6Statens Serum
Institute, Copenhagen, Denmark. 7Laboratory of Retrovirology, CRP-Santé,
Luxembourg, Luxembourg. 8Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg. 9Rega Institute, Katholieke Universiteit Leuven,
Leuven, Belgium. 10Section for Microbiology and Immunology, The Gade
Institute, University of Bergen, Bergen, Norway. 11University of Milan, Milan,
Italy. 12Department of Virology, National Center of Infectious and Parasitic
Diseases, Sofia, Bulgaria. 13Hospital Egas Moniz, Centro Hospitalar de Lisboa
Ocidental, Lisboa, Portugal. 14irsiCaixa AIDS Research Institute & Lluita contra
la SIDA Foundation, Hospital Universitari “Germans Trias i Pujol”, Badalona,
Spain. 15University College Dublin, Dublin, Ireland. 16National Public Health
Surveillance Laboratory, Vilnius, Lithuania. 17Sheba Medical Center, Tel
Hashomer, Israel. 18Warsaw Medical University and Hospital of Infectious
Diseases, Warsaw, Poland. 19Infectology Center of Latvia, Riga, Latvia.
20University of Erlangen-Nuremberg, Erlangen, Germany. 21University of
Cyprus, Nicosia, Cyprus. 22National Institute for Health and Welfare, Helsinki,
Finland. 23National Institute of Public Health, Prague, Czech Republic.
24Molecular Diagnostics, “Prof. Dr. Matei Bals” Institute for Infectious Diseases,Bucharest, Romania. 25Medical School, University of Athens, Athens, Greece.
26University of Ljubljana, Ljubljana, Slovenia. 27Medical University Vienna,
Vienna, Austria. 28Divisions of Infectious Diseases and Clinical Virology,
Karolinska Institute, Stockholm, Sweden. 29Slovak Medical University,
Bratislava, Slovakia. 30University of Belgrade School of Medicine, Belgrade,
Serbia. 31Department of General Internal Medicine, University Hospitals
Leuven, Leuven, Belgium. 32Department of Medical Microbiology, University
Medical Center Utrecht, Utrecht, the Netherlands.
Received: 19 September 2013 Accepted: 1 July 2014
Published: 21 July 2014References
1. Palella FJ Jr, Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Satten GA,
Aschman DJ, Holmberg SD: Declining morbidity and mortality among
patients with advanced human immunodeficiency virus infection. HIV
Outpatient Study Investigators. N Engl J Med 1998, 338(13):853–860.
2. Vercauteren J, Wensing AM, van de Vijver DA, Albert J, Balotta C, Hamouda O,
Kucherer C, Struck D, Schmit JC, Asjo B, Bruckova M, Camacho RJ, Clotet B,
Coughlan S, Grossman Z, Horban A, Korn K, Kostrikis L, Nielsen C, Paraskevis D,
Poljak M, Puchhammer-Stockl E, Riva C, Ruiz L, Salminen M, Schuurman R,
Sonnerborg A, Stanekova D, Stanojevic M, Vandamme AM, et al:
Transmission of drug-resistant HIV-1 is stabilizing in Europe. J Infect Dis
2009, 200(10):1503–1508.
3. Bannister WP, Cozzi-Lepri A, Clotet B, Mocroft A, Kjaer J, Reiss P, von Wyl V,
Lazzarin A, Katlama C, Phillips AN, Ruiz L, Lundgren JD, Euro S: Transmitted
drug resistant HIV-1 and association with virologic and CD4 cell count
response to combination antiretroviral therapy in the EuroSIDA study.
J Acquir Immune Defic Syndr 2008, 48(3):324–333.
4. Booth CL, Garcia-Diaz AM, Youle MS, Johnson MA, Phillips A, Geretti AM:
Prevalence and predictors of antiretroviral drug resistance in newly
diagnosed HIV-1 infection. J Antimicrob Chemother 2007, 59(3):517–524.
5. Yerly S, von Wyl V, Ledergerber B, Boni J, Schupbach J, Burgisser P, Klimkait T,
Rickenbach M, Kaiser L, Gunthard HF, Perrin L: Transmission of HIV-1 drug
resistance in Switzerland: a 10-year molecular epidemiology survey.
AIDS 2007, 21(16):2223–2229.
6. Wheeler WH, Ziebell RA, Zabina H, Pieniazek D, Prejean J, Bodnar UR, Mahle
KC, Heneine W, Johnson JA, Hall HI, Variant A, Resistant HIVSG: Prevalence
of transmitted drug resistance associated mutations and HIV-1 subtypes
in new HIV-1 diagnoses, U.S.-2006. AIDS 2010, 24(8):1203–1212.
7. Hurt CB, McCoy SI, Kuruc J, Nelson JA, Kerkau M, Fiscus S, McGee K,
Sebastian J, Leone P, Pilcher C, Hicks C, Eron J: Transmitted antiretroviral
drug resistance among acute and recent HIV infections in North Carolina
from 1998 to 2007. Antivir Ther 2009, 14(5):673–678.
8. Wittkop L, Gunthard HF, de Wolf F, Dunn D, Cozzi-Lepri A, de Luca A,
Kucherer C, Obel N, von Wyl V, Masquelier B, Stephan C, Torti C, Antinori A,
Garcia F, Judd A, Porter K, Thiebaut R, Castro H, van Sighem AI, Colin C,
Kjaer J, Lundgren JD, Paredes R, Pozniak A, Clotet B, Phillips A, Pillay D,
Chene G, EuroCoord C: Effect of transmitted drug resistance on
virological and immunological response to initial combination
antiretroviral therapy for HIV (EuroCoord-CHAIN joint project):
a European multicohort study. Lancet Infect Dis 2011, 11(5):363–371.
9. Programme SPREAD: Transmission of drug-resistant HIV-1 in Europe
remains limited to single classes. AIDS 2008, 22(5):625–635.
10. Countries in the WHO European Region. [http://www.who.int/about/
regions/euro/en/index.html]
11. Bennett DE, Camacho RJ, Otelea D, Kuritzkes DR, Fleury H, Kiuchi M, Heneine W,
Kantor R, Jordan MR, Schapiro JM, Vandamme AM, Sandstrom P, Boucher CA,
van de Vijver D, Rhee SY, Liu TF, Pillay D, Shafer RW: Drug resistance mutations
for surveillance of transmitted HIV-1 drug-resistance: 2009 update. PLoS ONE
2009, 4(3):e4724.
12. Frentz D, Wensing AM, Albert J, Paraskevis D, Abecasis AB, Hamouda O,
Jorgensen LB, Kucherer C, Struck D, Schmit JC, Asjo B, Balotta C, Beshkov D,
Camacho RJ, Clotet B, Coughlan S, De Wit S, Griskevicius A, Grossman Z,
Horban A, Kolupajeva T, Korn K, Kostrikis LG, Liitsola K, Linka M, Nielsen C,
Otelea D, Paredes R, Poljak M, Puchhammer-Stockl E, et al: Limited cross-border
infections in patients newly diagnosed with HIV in Europe. Retrovirology
2013, 10:36.
13. de Oliveira T, Deforche K, Cassol S, Salminen M, Paraskevis D, Seebregts C,
Snoeck J, van Rensburg EJ, Wensing AM, van de Vijver DA, Boucher CA,
Frentz et al. BMC Infectious Diseases 2014, 14:407 Page 11 of 12
http://www.biomedcentral.com/1471-2334/14/407Camacho R, Vandamme AM: An automated genotyping system for
analysis of HIV-1 and other microbial sequences. Bioinformatics 2005,
21(19):3797–3800.
14. Posada D, Crandall KA: MODELTEST: testing the model of DNA
substitution. Bioinformatics 1998, 14(9):817–818.
15. Hillis DM, Bull JJ: An emperical test of bootstrapping as a method for
assessing confidence in phylogenetic analysis. Syst Biol 1993,
42(2):182–192.
16. Gifford RJ, de Oliveira T, Rambaut A, Pybus OG, Dunn D, Vandamme AM,
Kellam P, Pillay D, Resistance UKCGoHD: Phylogenetic surveillance of viral
genetic diversity and the evolving molecular epidemiology of human
immunodeficiency virus type 1. J Virol 2007, 81(23):13050–13056.
17. Yeni PG, Hammer SM, Carpenter CC, Cooper DA, Fischl MA, Gatell JM,
Gazzard BG, Hirsch MS, Jacobsen DM, Katzenstein DA, Montaner JS,
Richman DD, Saag MS, Schechter M, Schooley RT, Thompson MA, Vella S,
Volberding PA: Antiretroviral treatment for adult HIV infection in 2002:
updated recommendations of the International AIDS Society-USA Panel.
JAMA 2002, 288(2):222–235.
18. Yeni PG, Hammer SM, Hirsch MS, Saag MS, Schechter M, Carpenter CC,
Fischl MA, Gatell JM, Gazzard BG, Jacobsen DM, Katzenstein DA, Montaner
JS, Richman DD, Schooley RT, Thompson MA, Vella S, Volberding PA:
Treatment for adult HIV infection: 2004 recommendations of the
International AIDS Society-USA panel. JAMA 2004, 292(2):251–265.
19. Hammer SM, Saag MS, Schechter M, Montaner JS, Schooley RT, Jacobsen DM,
Thompson MA, Carpenter CC, Fischl MA, Gazzard BG, Gatell JM, Hirsch MS,
Katzenstein DA, Richman DD, Vella S, Yeni PG, Volberding PA, International
AS-USAp: Treatment for adult HIV infection: 2006 recommendations of the
International AIDS Society-USA panel. JAMA 2006, 296(7):827–843.
20. Hammer SM, Eron JJ Jr, Reiss P, Schooley RT, Thompson MA, Walmsley S,
Cahn P, Fischl MA, Gatell JM, Hirsch MS, Jacobsen DM, Montaner JS,
Richman DD, Yeni PG, Volberding PA, International AS-USA: Antiretroviral
treatment of adult HIV infection: 2008 recommendations of the
International AIDS Society-USA panel. JAMA 2008, 300(5):555–570.
21. Cane P, Chrystie I, Dunn D, Evans B, Geretti AM, Green H, Phillips A, Pillay D,
Porter K, Pozniak A, Sabin C, Smit E, Weber J, Zuckerman M, Resistance
UKGoTHD: Time trends in primary resistance to HIV drugs in the United
Kingdom: multicentre observational study. BMJ 2005, 331(7529):1368.
22. Vercauteren J, Derdelinckx I, Sasse A, Bogaert M, Ceunen H, De Roo A,
De Wit S, Deforche K, Echahidi F, Fransen K, Goffard JC, Goubau P,
Goudeseune E, Yombi JC, Lacor P, Liesnard C, Moutschen M, Pierard D,
Rens R, Schrooten Y, Vaira D, den HA V, der GB V, van Ranst M, van
Wijngaerden E, Vandercam B, Vekemans M, Verhofstede C, Clumeck N,
Vandamme AM, et al: Prevalence and epidemiology of HIV type 1 drug
resistance among newly diagnosed therapy-naive patients in Belgium
from 2003 to 2006. AIDS ResHumRetroviruses 2008, 24(3):355–362.
23. Bracciale L, Colafigli M, Zazzi M, Corsi P, Meraviglia P, Micheli V, Maserati R,
Gianotti N, Penco G, Setti M, Di Giambenedetto S, Butini L, Vivarelli A,
Trezzi M, De Luca A: Prevalence of transmitted HIV-1 drug resistance in
HIV-1-infected patients in Italy: evolution over 12 years and predictors.
J Antimicrob Chemother 2009, 64(3):607–615.
24. Bartmeyer B, Kuecherer C, Houareau C, Werning J, Keeren K, Somogyi S,
Kollan C, Jessen H, Dupke S, Hamouda O, German HIVSSG: Prevalence of
transmitted drug resistance and impact of transmitted resistance on
treatment success in the German HIV-1 seroconverter cohort. PLoS ONE
2010, 5(10):e12718.
25. Karlsson A, Bjorkman P, Bratt G, Ekvall H, Gisslen M, Sonnerborg A, Mild M,
Albert J: Low prevalence of transmitted drug resistance in patients newly
diagnosed with HIV-1 infection in Sweden 2003–2010. PLoS ONE 2012,
7(3):e33484.
26. U. K. Collaborative Group on HIV Drug Resistance: Time trends in drug
resistant HIV-1 infections in the United Kingdom up to 2009: multicentre
observational study. BMJ 2012, 345:e5253.
27. Jain V, Liegler T, Vittinghoff E, Hartogensis W, Bacchetti P, Poole L, Loeb L,
Pilcher CD, Grant RM, Deeks SG, Hecht FM: Transmitted drug resistance in
persons with acute/early HIV-1 in San Francisco, 2002–2009. PLoS ONE
2010, 5(12):e15510.
28. Lockman S, Hughes MD, McIntyre J, Zheng Y, Chipato T, Conradie F,
Sawe F, Asmelash A, Hosseinipour MC, Mohapi L, Stringer E, Mngqibisa R,
Siika A, Atwine D, Hakim J, Shaffer D, Kanyama C, Wools-Kaloustian K, Salata
RA, Hogg E, Alston-Smith B, Walawander A, Purcelle-Smith E, Eshleman S,
Rooney J, Rahim S, Mellors JW, Schooley RT, Currier JS, Team OAS:Antiretroviral therapies in women after single-dose nevirapine exposure.
N Engl J Med 2010, 363(16):1499–1509.
29. Pingen M, Nijhuis M, de Bruijn JA, Boucher CA, Wensing AM: Evolutionary
pathways of transmitted drug-resistant HIV-1. J Antimicrob Chemother
2011, 66(7):1467–1480.
30. UK Collaborative Group on HIV Drug Resistance; UK Collaborative HIV Cohort
Study; UK Register of HIV Seroconverters: Evidence of a decline in transmitted
HIV-1 drug resistance in the United Kingdom. AIDS 2007, 21(8):1035–1039.
31. Bezemer D, van Sighem A, Lukashov VV, van der Hoek L, Back N,
Schuurman R, Boucher CA, Claas EC, Boerlijst MC, Coutinho RA, de Wolf F,
Cohort A: Transmission networks of HIV-1 among men having sex with
men in the Netherlands. AIDS 2010, 24(2):271–282.
32. Turner D, Amit S, Chalom S, Penn O, Pupko T, Katchman E, Matus N, Tellio
H, Katzir M, Avidor B: Emergence of an HIV-1 cluster harbouring the major
protease L90M mutation among treatment-naive patients in Tel Aviv,
Israel. HIV Med 2012, 13(4):202–206.
33. Carpenter CC, Cooper DA, Fischl MA, Gatell JM, Gazzard BG, Hammer SM,
Hirsch MS, Jacobsen DM, Katzenstein DA, Montaner JS, Richman DD, Saag
MS, Schechter M, Schooley RT, Thompson MA, Vella S, Yeni PG, Volberding
PA: Antiretroviral therapy in adults: updated recommendations of the
International AIDS Society-USA panel. JAMA 2000, 283(3):381–390.
34. Staszewski S, Morales-Ramirez J, Tashima KT, Rachlis A, Skiest D, Stanford J,
Stryker R, Johnson P, Labriola DF, Farina D, Manion DJ, Ruiz NM: Efavirenz
plus zidovudine and lamivudine, efavirenz plus indinavir, and indinavir
plus zidovudine and lamivudine in the treatment of HIV-1 infection in
adults. Study 006 team. N Engl J Med 1999, 341(25):1865–1873.
35. Riddler SA, Haubrich R, DiRienzo AG, Peeples L, Powderly WG, Klingman KL,
Garren KW, George T, Rooney JF, Brizz B, Lalloo UG, Murphy RL, Swindells S,
Havlir D, Mellors JW: Class-sparing regimens for initial treatment of HIV-1
infection. N Engl J Med 2008, 358(20):2095–2106.
36. Parienti JJ, Bangsberg DR, Verdon R, Gardner EM: Better adherence with
once-daily antiretroviral regimens: a meta-analysis. Clin Infect Dis 2009,
48(4):484–488.
37. Smit M, Smit C, Geerlings S, Gras L, Brinkman K, Hallett TB, de Wolf F,
Athena Observational C: Changes in first-line cART regimens and short-
term clinical outcome between 1996 and 2010 in The Netherlands. PLoS
ONE 2013, 8(9):e76071.
38. van de Vijver DA, Wensing AM, Angarano G, Asjo B, Balotta C, Boeri E,
Camacho R, Chaix ML, Costagliola D, De Luca A, Derdelinckx I, Grossman Z,
Hamouda O, Hatzakis A, Hemmer R, Hoepelman A, Horban A, Korn K,
Kucherer C, Leitner T, Loveday C, MacRae E, Maljkovic I, de Mendoza C,
Meyer L, Nielsen C, Op de Coul EL, Ormaasen V, Paraskevis D, Perrin L, et al:
The calculated genetic barrier for antiretroviral drug resistance
substitutions is largely similar for different HIV-1 subtypes. J Acquir
Immune Defic Syndr 2006, 41(3):352–360.
39. Gallant JE, DeJesus E, Arribas JR, Pozniak AL, Gazzard B, Campo RE, Lu B,
McColl D, Chuck S, Enejosa J, Toole JJ, Cheng AK, Study G: Tenofovir DF,
emtricitabine, and efavirenz vs. zidovudine, lamivudine, and efavirenz
for HIV. N Engl J Med 2006, 354(3):251–260.
40. Jain V, Sucupira MC, Bacchetti P, Hartogensis W, Diaz RS, Kallas EG, Janini
LM, Liegler T, Pilcher CD, Grant RM, Cortes R, Deeks SG, Hecht FM:
Differential persistence of transmitted HIV-1 drug resistance mutation
classes. J Infect Dis 2011, 203(8):1174–1181.
41. Kikaire B, Khoo S, Walker AS, Ssali F, Munderi P, Namale L, Reid A, Gibb DM,
Mugyenyi P, Grosskurth H, Team DT: Nevirapine clearance from plasma in
African adults stopping therapy: a pharmacokinetic substudy. AIDS 2007,
21(6):733–737.
42. Bartlett JA, Buda JJ, von Scheele B, Mauskopf JA, Davis EA, Elston R, King
MS, Lanier ER: Minimizing resistance consequences after virologic failure
on initial combination therapy: a systematic overview. J Acquir Immune
Defic Syndr 2006, 41(3):323–331.
43. Gupta R, Hill A, Sawyer AW, Pillay D: Emergence of drug resistance in HIV
type 1-infected patients after receipt of first-line highly active antiretroviral
therapy: a systematic review of clinical trials. Clin Infect Dis 2008,
47(5):712–722.
44. Lima VD, Gill VS, Yip B, Hogg RS, Montaner JS, Harrigan PR: Increased
resilience to the development of drug resistance with modern boosted
protease inhibitor-based highly active antiretroviral therapy. J Infect Dis
2008, 198(1):51–58.
45. Elzi L, Erb S, Furrer H, Ledergerber B, Cavassini M, Hirschel B, Vernazza P,
Bernasconi E, Weber R, Battegay M, for the Swiss HIVCS: Choice of initial
Frentz et al. BMC Infectious Diseases 2014, 14:407 Page 12 of 12
http://www.biomedcentral.com/1471-2334/14/407combination antiretroviral therapy in individuals with HIV infection:
determinants and outcomes. Arch Intern Med 2012, 172(17):1313–1321.
46. Vo TT, Ledergerber B, Keiser O, Hirschel B, Furrer H, Battegay M, Cavassini M,
Bernasconi E, Vernazza P, Weber R, Swiss HIVCS: Durability and outcome of
initial antiretroviral treatments received during 2000–2005 by patients in
the Swiss HIV Cohort Study. J Infect Dis 2008, 197(12):1685–1694.
47. Schuurman R, Brambilla D, de Groot T, Huang D, Land S, Bremer J,
Benders I, Boucher CA, Group EW: Underestimation of HIV type 1 drug
resistance mutations: results from the ENVA-2 genotyping proficiency
program. AIDS Res Hum Retroviruses 2002, 18(4):243–248.
48. Li JZ, Paredes R, Ribaudo HJ, Svarovskaia ES, Metzner KJ, Kozal MJ, Hullsiek
KH, Balduin M, Jakobsen MR, Geretti AM, Thiebaut R, Ostergaard L,
Masquelier B, Johnson JA, Miller MD, Kuritzkes DR: Low-frequency HIV-1
drug resistance mutations and risk of NNRTI-based antiretroviral
treatment failure: a systematic review and pooled analysis. JAMA 2011,
305(13):1327–1335.
49. Wensing AM, van de Vijver DA, Angarano G, Asjo B, Balotta C, Boeri E,
Camacho R, Chaix ML, Costagliola D, De Luca A, Derdelinckx I, Grossman Z,
Hamouda O, Hatzakis A, Hemmer R, Hoepelman A, Horban A, Korn K,
Kucherer C, Leitner T, Loveday C, MacRae E, Maljkovic I, de Mendoza C,
Meyer L, Nielsen C, Op de Coul EL, Ormaasen V, Paraskevis D, Perrin L, et al:
Prevalence of drug-resistant HIV-1 variants in untreated individuals in
Europe: implications for clinical management. J Infect Dis 2005,
192(6):958–966.
doi:10.1186/1471-2334-14-407
Cite this article as: Frentz et al.: Increase in transmitted resistance to
non-nucleoside reverse transcriptase inhibitors among newly diagnosed
HIV-1 infections in Europe. BMC Infectious Diseases 2014 14:407.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
